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DESCRIPTION 

THIN FIIM CAPACITANCE ELEMENT COMPOSITION, HIGH 
PEKMITTrVTTY INSUZiATION FILM, THIN FILM CAPACITANCE 
ELEMENT, THIN FIIM MULTILAYER CAPACITOR AND PRODUCTION 
METHOD OF THIN FILM CAPACITANCE ELEMENT 

TECHNICAL FIELD 

[0001] 

The pireoent Invention relates to a th±n film 
capacitance element oonqposltlon , a high pAmlttlvlty 
Insulation film, a thin film capacitance element, a thin 
film multilayer capacitor and a production method of the 
thin film capacitance element. 

BACKGOUND ART 

[0002] 

In recent years. In the field of electronic devices, 
there have been demands for a furthermore ooinpact and 
higher performance capacitor el^nent as an essential 
Circuit element in a variety of electronic circuits along 
with electronic circuits bacomlng higher in density and 
more highly integrated. 
[0003] 

For example, a thin film capacitor using a single- 



layer dielectric thin film is behind in making a cconpact 
integrated circuit with a tranaistor or other active 
element, which has been a keener o£ hindering realization 
of an ultra-high integrated circuit. It was a low 
permittivity of a dielectric materisLL to be used that has 
hindered attaining of a ccsnpact thin film capacitor. 
Accordingly, it is significant to use a dielectric 
material having a high permittivity to realize a more 
compact thin film capacitor with a high capacitance. 
{0004] 

Also, in recent years, a conventional multilayer 
film of Si02 and B±s!^^ has became hard to respond to a 
capacitor element for a DRAM of the next generation 
(gigabit generation) in terms of capacitance density, and 
a material system having a higher permittivity has 
gathered attention. In such a material system, an 
application of TaOx (e- 30 or smaller) has been mainly 
studied but development of other materials comes to be 
actively pursued. 

[0005] 

On the other hazid, as a dielectric material having 
a relatively high permittivity, (Ba, Sr) TiOg (BST) and 
Pb(Mgi/3 Mb2/3)09 (PMK) are known - 

tOOOS] 

ZH can be considered tihat it is possible tLQ atitiain 
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a conipacrt body when a thin film capacitance element Is 
conposed o£ a dielectric material of thla kind. 
[0007] 

However, when using dielectric materials of this 
kind, the permittivity declined as the dielectric film 
becazoe thinner In some cases. Also, a lesJcage property 
and a breakdown voltage were deteriorated due to 
apertures generated on the dielectric film as the film 
became thinner in some cases. Furthermore, the dielectric 
film to be formed had poor surface smoothness and, 
moreover. It was liable that the change rate of 
permittivity against temperature declined. Note that due 
to a large effect by lead ooanpounds, such as iMfel, on the 
environment, a high capacitance capacitor not containing 
lead has been desired. 

[0008] 

On the other hand, to realise a more compact 
nniltllayer ceramic capacitor with a larger capacitance, 
it is desired that a thickness of one dielectric layer is 
made as thin as possible (a thinner layer) and the number 
of d iel ectric layers at a predetermined size is increased 
as much as possible (an increase of stacked layers) , 

[0009] 

A multilayer ceramic capacitor la produced by a 
sheet method or printing method. The sheet method is a 
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mQ-tliod of forxning a dielectrio green sheet, layer on a 
carrier iTllm by using a dielectric layer paste by the 
doctor blade method, etc. , printing an Internal electrode 
layer paste to be a prodetormlned patt6um thereon, then, 
5 releasing th^ one by one and stacking the same. The 
printing method Is a method of alternately printing a 
dielectric layer paste and an Internal electrode layer 
paste for a plurality of times on a carrier film, for 
eacaxttple, by using the screen printing method, then, 

10 removing the carrier film. However, for example, when 
producing a multilayer ceramic capacitor by the sheet 
method, the dielectric layer could not be made thinner, 
than ceramic materlsQ. powder. Furthermore/ It was 
difficult to make the dielectric layer thin, for exaznple, 

16 as 2 pm or thinner because of problems of short- 
circuiting and breaking of Internal electrode, etc. due 
to a defective dielectric layer. Also, when a thickness 
of one dielectric layer was made thinner, the nuniber of 
stacked layers was also limited. Kote that the same 

20 problem remained In the case of producing a multilayer 
ceramic capacitor by the printing method. 
[0010] 

Due to the above reasons, there was a limit In 
making the multilayer ceramic capacitor more compact and 
25 higher In capacitance. Thus, a variety of proposals have 
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been made to solve the problem (for exaziople, the patent 
articsle 1: the Japanese Patent Publication No. 2000- 
124056, the patent az*ticle 2: the Japanese Patent 
Publication No. 11-214245, the patent article 3: the 
5 Japanese Patent Publication Mo. 56-144523, the patent 
article 4; the Japanese Patent Publication Ho. 5-335173 
and the patent article 5: the Japanese Patent Publication 
No. 5-335174^ etc.) . 
[0011] 

10 In these publications, methods o£ producing a 

multilayer ceramic capacitor fozmed by alternately 
stacking dielectric thin rilms and electrode thin Tilms 
by using a variety of thin film forming method, such as 
the CVD method, evaporation method and sputtering method 

15 are disclosed. 

[0012] 

However, a dielectric thin film formed by the 
methods described in the publications had poor surface 
smoothness, and short-circuiting of electrodes arose when 
20 stacking too much, so that those having 12 or 13 stacked 
layers or so were able to be produced at most. Therefore, 
even when the capacitor could Ise made cosnpact, a higher 
capacitance could not be attained. 
[0013] 

25 Note that as described in th^ non-patent article 1 
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P*PartJ.ale Orientation of Ferroelectric Ceramic having 
Bismuth Layer Structure and Application Thereof to 
Piezoelectric and Pyxoelectric Material'' by Tadashi 
Takenaka, pp. 23 to 77 in dhaptar 3 of Kyoto university 
Doctor of Engineering Thesis (1984) ] , it is known that a 
bulk bismuth layer compound dielectric obtained by the 
sintering method is cdz^osed of a con^osition expressed 
by the con^osition formula of (Bi202>^*** (An-i fiWOs»»x)^'* or 
Bi2Aari Bto OsBfsr Wherein ^^m" is a positive number from 1 to 
8, ^A'^ is at least one eleaoent selected from Na, K, 
Ba, Sr, Ca and Bi^ and ^^B" is at least one element 
selected from Fe^ Co, Cr, 6a, Ti, Nb, Ta, Sb, V, Mo and Vf, 
[0014] 

However, in this article, nothing was disclosed on 
under what condition (for exaxnple, a relationship of a 
substrate surface and a o-aacis orientation degree of a 
confound) when making the con9>osition expressed by the 
above composition formula thinner (for exaiqple X pm or 
thinner) , a thin film capable of giving a relatively high 
permittivity and a low loss, having an excellent leakage 
property, improved breakdown voltage, excellent 
texnperatu're characteristics of permittivity, and 
excellent surface smoothness could be obtained. 

[0015] 

The present inventors have developed a thin film 
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oapaoltianoe element: oomposition disclosed In the pa^^^ 
article 6 (PCT/i7P02/08574) and filed before. As a result 
of carrying on further eacperiznents , they found that the 
c-axis orientation degree of the compound can be still 
6 izxproved by making Bi contained in excess of a 

stoicbionietric con^sltion of the bismuth layer ccnipound, 
and completed the present invention. 
[0016J 

Note that a thin film cmposed of the thin film 
10 capacitance el^nent composition described in the patent 
article 6 can be formed by a variety of thin film forming 
methods, such as the CVD method, evaporation method and 
sputtering method. But particularly when forming by a 
solution method (the sol -gel method and MDD (M^tal- 
15 Organic Deposition) method) , the c^axis orientation 

degree was hard to be inpxroved. It was because firing for 
crystallization was performed after forming a coating 
film to be a certain film thickness on a substrate, so 
that it was easily affected by the substrate and the c- 
20 aacis orientation was hard to be improved regardless of 
the direction of the orientation of the stibstrate. 
[0017] 

Also, the non-patent article 2 [2001 iToumal of 
Applied Physics Vol. 40 (2001) pp. 2977 to 2982, Part 1, 

25 Ko- 4B, Jtoril 2001] reports that the G-a3€is orientation 
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ddgroQ can be Inpz-ovod by adding Bi ^c^s^Asiv^ly In a 
di«lecteao thxn film of (Bi ^Za) 4TiaOi2. Howdvor^ this 
article only discloses a bismuth layer con^uml expressed 
by a composition formula (BiaOa)^* (Aai-i BaOanH-i)^" or BiaAn-i 
On Osnfs/ wherein "^mr is an odd number. Also, in this 
article, the eaccessive adding qpaantity of Bi is low as 
2.5 to 7*5 mol% (0.4 mol or less with respect to the 
stoichiometrio oon^sition) , which was proved to be 
insufficient to improve the leakage current resistance 
characteristic according to an ej^erinent by the present 
inventors , 



DZSCZiOSDRE OF THE INVENTION 

[0018] 

The present invention was made in consideration of 
the above circumstances and has as an object thereof to 
provide a thin film oapaoitsuioe element ccociposition, high 
permittivity insulation film, thin film capacitance 
element, thin film multilayer capacitor sUid a prodxiction 
method of the thin film capacitance element, wherein the 
c-axis orientation degree is high and, particularly, the 
leakage current resistance characteristic is excellent. 
Another object of the present invention is to produce a 
thin film capacitance element having a high c-axis 



rdsis1;ance characteristic particularly by forroing by a 
flOlUtxQxi znetbod. 
[0019] 

The present inventors have been committed 
5 themselves to study a znaterial and crystal structure of a 
dielectric thin £ilm to be Tor a capacitor, found 

that by using a bismuth layer oonpound having a specific 
composition and making a c-axii9 ([001] ori^tation) of 
the bismuth layer compound vertical with respect to the 
10 substrate surface when con^slng the dielectric thin film 
as a thin film capacitor element conposition, that i9, by 
forming a c-eucis orientation film (a thin film normal 
line is in parallel with the c-axis) of the bismuth layer 
compound on the subatrate surface, it was possible to 
16 provide a thin film capacitance element compound capable 
of giving a relatively high permittivity and a low loss 
(tan5 is low) and having an excellent leakage property, 
improved breakdown voltage, temperature characteristics 
of the permittivity, and surface smoothness even when 
20 znade to be thin; and a thin film capacitance elment 

using the same. Also, it was found that by using sudh a 
thin film capacitance element composition as a dielectric 
thin film, the number of stacked layers could be improved 
and a compact thin film multilayer capacitor capable of 
25 giving a g«ai a t i vaiy high capacitance gould be provided. 
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and the present invention was ooiopleted. Furthexznore, it 
was found that by using sudh a composition as a high 
permittivity insulation film, application to other use 
objects than a thin film capacitance element also became 
possible/ and the present invention was conpleted. 
[0020] 

Furthermore, the present inventors found that/ by 
making Bi of the bismuth layer can^^ound contained 
excessively in the cocnposition by a predetermined 
excessive content with respect to the stoichiometric 
c omp osition of the bismuth layer compound, it was 
possible to ijqprove the c-axis orientation degree and 
lealcage current resistance characteristics, and complete 
the present invention. 

[0021] 

Namely, in a thin film capacitance element 
co^^>osition according to a first aspect of the present 
invention: 

a bismuth laye^ compound having^ a c-axis oriented 
vertically with respect to a substrabe surface is 
expressed by a composition formula of mtsOz}^* {I^x . 
OavH-i)^' or BisAm-i B^ Oann-s/ Wherein is an even number, 

^A'^ is at least one element selected from Ha, K, Pb/ Ba, 
Sr, Ca and Bi, and ^'B'^ is at least one el^ent selected 
from Fe, Co, Cr, Ga, Ti, Nb, Ta. Sb- V- Ho and W; anH 



11 



Bl in -the bismuth layez* cCT^^tind is exoessively 
Included with respect to the composition fomnila of 
(BlzOs)^'^ <Aa.a ^BkOsBH-i)^* or BiaAn-i CWa/ and the 
excessive content of Bl is In a range of O < Bi < 0.5>cni 
znol in terms of Bl« 

[0022] 

In the first aspect of the present invention / an 
exoessivd content of the Bi is preferably in a range of 
0.1 ^ Bi < 0.5 X m znol, more preferably 0.4^Bi<0«5x 
m raol/ and particularly preferably 0.4 ^Bi^ 0.4 xm mol 
in terms of Bi. 

[0023] 

In the first aspect of the present invention, ^m" 
in the conpoaition formula of the bismuth layer coiiq>oiind 
is preferably any one of 2, 4, 6 and 8, and more 
preferably any one of 2 and 4 . It is for making the 
production easier and improvement of the c-axis 
orientation degree easier. 

[0024] 

. In thin film capacitance element composition 
according to a second aspect of the present invention, 

a bismuth layer compound having a c-axia oriented 
vertically with respect to a substrate surface is 
expzressed by a composition formula of SrBi4Ti40x5 (ivp=4 in 
BiaAm-i 5n OanH-a) ; and 
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Bl in the blsznuth layer compoundL Is excessively 
innluded with respect to the ooixipoei'tion fozmula of 
SrBi4Ti40i5r and the excessive content: of Bi is in a range 
of 0 < Hi < 2.0 mol, preferably 0.1 ^ Bi < 2.0 moX, more 
preferably 0.4 ^ Bi < 2.0 mol, and particularly 
preferably 0.4 2 Bi £ 1.6 mol in tersns of Bi. 

[0025] 

In a thin film capacitance element composi tion 
according to a third aspect of the present inven^on, 

a. bismuth layer coRQ>ound. having a c-axis oriented 
vertically with respect to a substrate surface is 
espressed by a composition fozmula of SrBi4Ti40i5; and 

Bi In the bismuth layer conipoundl is excessively 
included with respect to the composition formula of 
SrBi4Ti40iaf and when the excessive content of Bi is 
expressed hy a mole ratio (Bi/Ti) againsi: Ti, Bi/Ti is in 
a range of 1 < Bi/Ti < 1.5, preferably !•! i Bi/Ti < 1*5, 
more preferably 1.2 < Bi/Ti < 1.5, and particularly 
preferably 1-2 < Bi/Ti < 1.4. 

[0026] 

In a thin film capacitance element composition 
according -to a fourth aspect of the present invenUon, 

a bismuth layer compound, having a c-axis oriented 
vertically with respect Zo a substrate surface is 
expressed by a coxr^osition formula of SrsCayBasBi4T±40is r 
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x+y+z-1, O^x^l, O^y^l and O^zil; and 

Bi In the bismuth layer aonqpound is ezcassivaly 
included with rdspoct to the conposition formula of 
SrxCa7BazBl4Ti40i5f and when the excessive content of Bi is 
expressed by a mole ratio (Bi/Ti) against Ti, Bi/Ti is in 
a range of 1 < Bi/Ti < 1.5^ preferably 1.1 ^ Bi/Tl < 1,5, 
more preferably 1«2 ^ Bi/Ti < 1.5, further preferably 1.2 
S Bi/Ti < 1.4. 

[0027] 

The ^^thin film'' mentioned in the present invention 
means a film of a material havinor a thiclcneds of several 
A to several pm or so formed by a variety of thin film 
forming methods and excludes a bulk (bloclc) of a thick 
film having a thickness of several hundreds of pm or 
thicker formed by the sintering method, the thin film 
includes a continuous film which continuously covers a 
predetermined region and a discontinuous film which 
covers discontinuously at any intervals.: The thin film 
may be formed at a part of or allover a substrate. 

[0028] 

In the present: invention, preferably, a rare earth 
element (at least one selected from Sc, 7, La, Ce, Pr, Nd, 
Fm, Sm, Eu/ Gd, Tb/ Dy, Ho, Er, Tkn, Yb and Uu) is 
furthermore included. 

[0029] 
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Khen the rsire earth elsnent is included, the 
leakage property can become still superior. 
[0030] 

In the present invention, it is particularly 
preferaJble that the o-aicis or tho bismuth layer ooiatipound 
is oriented by 100% and being vertical with respect to 
the substrate, that is the c-axis orientation degree of 
th$ bismuth layer cozcpound is 100%, but the c^axis 
orientation degree does not have to always be 100%. 

[0031] 

The c-axis orientation degree of the bismuth layer 
coznpound with respect to the substrate surface is 
preferably 60% or more, more preferably 90% or more and 
particularly preferably 95% or more* By in^srovlng the c- 
axis orientation degree, effects of the present invention 
is enhanced. 

[0032] 

The thin film capacitance element coaxiposition 
according to the present invention has a relatively high 
permittivity (for example, 100 or higher) , a low loss 
(tam5 is 0,02 or lower), excellent leakage resistance 
characteristics (for exazixple, the leakage current 
measured at electric field intensity of 50 kv/csn is 1 x 
10'^ A/cm^ or lower) , and isiproved breakdown voltage (for 
exairqple, 1000 kV/cm or higher) ; and 
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bhe tKln f^ilm capacibanoo eXemant: coEXopositiion 
aacsordlng to the present Invention is capable of giving a 
relatively high permittivity when made to be thin and^ 
moreover, having preferable surface smoothness/ so that 
it is possible to increase the nuzhber of stacked layers 
of dielectric thin films as the thin film capacitance 
element ccinposltion . Accordingly^ it is also possible to 
provide a thin film multilayer capacitor having a high 
capacitance and con^ct body, when the thin film 
capacitance element composition is used. 

[0033] 

Furthermore / the thin film capacitance element 
coziqdosltlon and thin film capacitance element according 
to the present Invention have excellent freq:uency 
characteristics (for exaniple, a ratio of a permittlvltY 
value at a high frequency region of 1 MHz and that at a 
low frequency region of IkHz under a specific temperature 
is 0.9 to 1.1 In an absolute value) and ebccelXent voltage 
characteristics (for exaznple, a ratio of a permittivity 
value at a measuranent voltage of O.IV and that at a 
measurement voltage of 5V under a specific frequency is 
0.9 to 1.1 in an absolute value). 

[0034] 

Furthermore, the thin film capacitance element 
composition according to the present invention has 
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excellent liemperature csharactieristics of^ the capacitance 
(an average change rate of the capacitance against 
teniparature In a range of at least -55 to +150" C is 
within ±500 ppm/'^C/ and prof^rably within ±300 ppmy^C 
when the reference temperature is 25 ^'C) , 
[0035] 

The thin film capacitor element ia not particularly 
lixnited and a capacitor having a conductor-indvilator- 
conductor structure (for example, a single-layer thin 
film capacitor and multilayer thin film capacitor) and a 
capacitor (for exan^le, for a DHAM, etc) may be 
mentioned. 

[0036] 

The thin film capacitor element composition is not 
particularly limited and a capacitor dielectric thin film 
composition, etc. may be mentioned. 

[0037] 

The high permittivity insulation film according to 
the present Invention is composed of a composition having 
the same composition as that of the thin film capacitor 
elesnent ccxnposition according to the present invention. 
The high permittivity insulation film according to the 
present invention may used, for example, as a gate 
insulation film of a semiconductor device, and an 
intermediate insulation film between a gate electrode and 
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a floating gate^ etc. other thaui the thin film dleleotria 
film of a thin film oapaoitor element or a oapaoitor, 
[0038] 

In a thin film (capacitance element according to the 
present invention, 

a lower portion electrode, dielectric thin film and 
an upper portion electrode are sucoesaively formed on a 
substrate , wherein 

the dielectric film is composed of the thin film 
capacitance element composition as set forth in any of 
the above. 

[0039] 

Preferably, a thickness of the dielectric thin film 
is 1 to 1000 nm, and more preferably 10 to 500 nm. When 
the thickness is in the ranges, effects of the present 
invention are enhanced. 

[0040] 

Xn a thin film multilayer capacitor according to 
the present invention, 

a plurality of dielectric thin films and internal 
electrode thin films are alternately stacked on a 
substrate, wherein 

the dielectsrio thin film is composed of the thin 
film capacitance element composition as set forth in any 
one of the above. 
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[0041] 

Preferably, a thickness of th« dieleotrio th±ii film 
is 1 1:o 1000 nm, and more preferably 10 t,o 500 nm. When 
the thickness is in the ranges, effects of the present 
invention are enhanced. 

[0042] 

A high permittivity insulation film according to 
the present invention includes a bismuth layer nnrnpound 
having a c-axis oriented vertically with respect to a 
substrate surface, wherein 

the bismuth layer compound is cornposed of the thin 
film capacitance element coznposition as set forth in any 
one of the above. 

[0043] 

A production method of a thin film capacitance 
element according to the present invention comprises: 

a coating step for coating a solution for forming 
the thin film capacitance elCTient con^si'tion on a 
surface of the lower portion electrode, so that Bi In the 
bismuth layer compound becomes an excessive content, to 
form a coating film; and 

a firing step for firing the coating film on the 
lover portion electrode to form a dielectric thin film 

when forming the dielectric thin film on the lower 
portion electrode « 
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[0044] 

Preferably, after romlng tJie coating film on a 
surface of the lower portion electrode/ the coating film 
is dried, then, preliminary firing is performed on the 
coating film at a teznperature of not crystallizing the 
coating film and, then, the coating film is fired* 

[0045] 

Alternately, after drying the coating film, steps 
of forming still another coating film on the dried 
coating film and drying the coating film are repeated to 
obtain a creating film having a desired thickness and, 
then, the coating film is fired. Hote that, in that case, 
after repeating the coating and drying for one or more 
times, preliminary firing and, then, firing niay be 
performed. 

[0046] 

Alternately, after drying and perfozTznizig 
preliminary firing on the coating film, steps of forming 
still another coating film on the preliminarily fired 
coating film and drying and performing preliminary firing 
on the coating film are repeated to obtain a coating film 
having a desired thickness and, then, the coating film is 
fired. Note that it may be possible to eliminate the 
drying step, repeat the steps of coating and preliminary 
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firing, and £lre it after that. 
[0047] 

Alternately/ st^pa of^ drying the coating film, 
performing preliminary firing and, then, firing are 
repeated to obtain a coating film having a desired 
thickness. Note that/ in that caoe, drying may be csnitted 
when repeating the coating, preliminary firing and firing, 
or preliminary firing may be omitted when repeating the 
coating, drying and firing. 

[0048] 

Preferably, a temperature of firing the coating 
film is 700 to 900 ""C, which ia a temperature of 
crystallizing the coating film. 

[0049] 

Preferably, a texnperature of drying the coating 
film ia from the room temperature (25 ''O to 400 **C, more 
preferably 50 •c to 300° C. 

[0050] 

Preferably, a temperature of performing preliminary 
flaring on the coating film is 300 to 500^ C. 
[0051] 

Preferably, coa^ng, drying and/or preliminary 
firing are repeated, so that a film thickness of the 
coating film before firing Ir^ecomes 200 nm or thinner 
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befoxe rirlng Is too thicfc^ Lt, Is liable that a 
prefez^ably crystallized c-axis oriented bismuth layer 
conqpound film is hard to be obtained. While, when it is 
too thin/ the main firing has to be repeated for many 
5 times to obtain a desired thickness of a dielectric thin 
film and it is not economical. 
[0052] 

Preferably, after forming the dielectric thin film, 
an upper portion electrode is foocmed on the dielectric 
10 thin film, and thermal processing is performed in p02 = 
20 to 100% (oxygen partial pressure) after that. A 
tentperature in the thermal treatment is preferably 650 to 
dOO'C. 

[0053] 

16 In the production method of a capacitance el^nent 

according to the present invention, even when a chemical 
solution method is applied, regardless of a direction of 
the orientation of the substrate, a th±n film capacitance 
element comprising a dielectric thin film having a high 

20 c-axis orientation degree and excellent lea]cage current 
resistance characteristics can be extremely easily 
produced* Also, according to the production method of the 
present invention, a relatively thick dielectric thin 
film can be formed easily. 
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BRIEF DESCRIPTION OF DRAWINGS 

[0054] 

Below, the pxesent inven-tlon will be explained 
based on esiiboduient^ shown in drawings. 

FIG. lA and FIG. IB are scheroaUc sectional views 
showing production steps o^ a thin film capaoitor 
according to an embodiment of the present Invention. 

FIG. 2 is a flowchart showing the production steps 
of the thin film capacitor shown In FI6« 1. 

FIG. 3 Is a schematic sectional view of a thin film 
multilayer capacitor according to another embodiment of 
the present Invenlilon. 

FIG. 4 is a graph showing frequency characteristics 
of a dlelectjric thin film of a thin film capacitor 
according to an ^nbodlment of the present invention. 

FIG. 5 Is a graph showing voltage characteristics 
of the dielectric thin film of the thin film capacitor 
according to an embodiment of the present invention. 

BEST MODE FOR CARRYING OUT THE INVENTION 
[0055] 

First Embodiment 

In the present embodiment, a thin film capacitor, 
wherein a dielectric thin film Is formed by a single 
layer will be explained as an eacantt>le of a thin film 



23 



oapaoltance elamdn^. 

As shown in FIG. 1, a thin film capacitor 2 
according to Bit ^nbodimant of the present invention has a 
substrate A, and a lower portion electrode thin film 6 is 
formed on the substrate 4 via an insulation la^er 5. A 
dielectric thin film 8 is formed on the lower portion 
electrode thin film 6, and an upper portion electrode 
thin film 10 is formed thereon, 

[0056] 

The substrate 4 is not particularly limited and 
formed by a single crystal having preferable lattice 
matching (for exan^le, SrTiOs single crystal, MgO single 
crystal and IjaAlOs single crystal, etc.)r amorphous 
material (for exangple/ glass, fused silica and Si02/Si, 
etc.) and other matex'ialo (for exan^le, ZrOa/Si aoid 
Ce02/Si, etc.), A thickness of the substrate 4 is not 
particularly limited and is, for examplef 100 to 1000 i3m 
or so. 

[0057] 

In the present embodiment, a silicon single crystal 
substrate is used as the substrate 4, and the surface is 
formed with an insulation layer 5 formed by a thermally 
oxidized film (silicon oxide film) , and the surface is 
formed with a lower portion electrode thin film 6. By 
using the present invention, a dielectric layer having c- 
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axis orientation ceui be extremely easily produced 
naturally in the case o£' a lower portion electrode 
oriented in the [100] direction and even in the case of 
using an electrode of sm amorphous/ non-oriented or 
oriented in other direction than the [100] dizrection. 
[0058] 

The lower portion electrode thin £ilm 6 when using 
a single crystal having preferable lattice matching as 
the substrate 4 is preferably conposed, for example, of 
CaRuOs, SrRu03 and other conductive oxide or Ft/ Ru and 
other precious metal emd, more preferably r con^>osed of a 
conductive oxide or precious metal oriented in the [100] 
direction. When using what oriented In the [100] 
direction as the substrate 4, it is possible to form a 
conductive or precious metal oriented in the [lOO] 
direction on the surface. By forming the lower portion 
electrode thin film 6 by a conductive or precious metal 
oriented in the [100] direction on the surface, the 
orientation in the [001] direction of the dielectric thin 
film 8 formed on the lower portion electrode thin film 6, 
that is the c-axis orientation, iziq»roves. A lower portion 
electrode thin film 6 as above can be produced by a 
normal thin film forming method. For exanple, in a 
physical deposition method, such as the sputtering method 
and pulse laser deposition xnethpdi (PLD) . a t^!^erature of 
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the substirate 4 to be formsd with the lower portion 
electrode thin fllsa 6 is set preferably at 300^C or 
higher and more preferably at 500^ C or higher. 
[0059] 

The lower portion electrode thin film 6 when using 
an amorphous material as the substrate 4 may be ccmposed, 
for escaik^le^ of ITO or other conductive glass. When using 
a single crystal having preferable lattice matching as 
the sxabstrate 4, it is easy to form a lower po^rtion 
electrode thin film 6 oriented in the [100] direction on 
its surface, consequently the c-axis orientation of the 
dielectric thin film 8 formed on the lower portion 
electrode thin film 6 easily insproves. However, the 
dielectric thin film 8 with in^roved c-axis orientation 
can be formed also when using an amorphous material, such 
as glass, as the substrate 4. In that case, a film 
forming condition of the dielectric thin film B has to be 
optimized. 

[0060] 

As other lower portion electrode thin film 6, for 
e x a mp le, gold (Au) , palladium (Pd) and silver (Ag) or 
other precious metal or an alloy of these, nickel (Ni) , 
copper (Cu) or other base metal or an alloy of these may 
be used. 

[00611 
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A t;hickne88 of 1:he lower por-tlon ^eotirode tKin 
film 6 is not partilenilarlY limited/ but is preferably 10 
to 1000 nm, and more preferably 50 to 200 run or so. 

[0062] 

6 The upper portion eleotrode thin film 10 may be 

oonposed of the same material as that of the lower 
portion electrode thin film 6 explained above. Also, a 
thickness thereof may be the same as that. 
[0063] 

10 The dielectric thin film 8 is compoBed of the thin 

film capacitance element ooki^>08ition of the present 
invention and includes a bismuth layer confound expressed 
by the composition foannula (8x202)^*^ (A».i BnOtei>^~ or 
BisAte-x Qsb«-s- Generally, a bismuth layer compound has a 

16 layer structure, wherein a perovskite layer having a 

series of perovskite lattice composed of (m-1) number of 
ABOs is sandwiched by a pair of Hi and O layers. 
[0064] 

In the above formula, ''^m" is not particularly 
20 limited as far as it is an even number. When ^m'^ is an 
even number, the reflection plane becomes parallel with 
the c plane, so that c-euu.s direction coinponents of 
spontaneous polarization cancel each other on the 
boundary of the reflection plane and a polarization axis 
26 does not exist in the c— axis direction. Conss^[uently , 
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paraelectric propert:y Ls maintained, the texoperature 
characteristics of the permittivity improves and a low 
loss (low tanS) is attained. Note that the permittivity 
tends to decline >rt)en ^m" is an odd nuznber, but a more 
preferable value than that in the conventional 
temperature compensating material can be obtained. 
Particularly^ by making '^m'' large , the permittivity is 
expected to rise. 
[0065] 

In the above formula, ^A" is cwiposed of at least 
one element selected from Ka, K, Fb, Ba, Sr, Ca and Bi. 
Note that when the ^A'^ is oompoB&d. of two or more 
elements, a ratio of them may be any. 

[0066] 

In the above formula, ^B'^ is composed of at least 
one element selected from Fe, Co, Cr, Ga, Tl, Kb, Ta, Sb, 
V, Mo and W. Note that when the ^B*^ is composed of two or 
more elements, a ratio of them may be any. 

[0067] 

In the present embodiment, Bl of the bismuth layer 
compound is excessively contained with respect to the 
aJDOve composition formula (Bi202)^^ (An-i BWO^mfi)^* or BlaiW 
1 Bb 03XIH-3, and the excessive content of Bi is in a range 
ofO<Bi<0.5>cm mol in terms of Bl. Preferably the 
excessive content of Bi is in a range of0.1^Bi<0.5x 
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m mol/ ino2re pref'erably 0.4^Bl<0.5xni mol/ and 
particularly pr^erably 0.4^Bi^0.4x]n mol In Herms 
of Bl. 

[0068] 

5 For example. In thd case of a blmuth layer 

compound having a con^aition formula of SrBi4Ti40i8 or 
SrxCayBaBB±4Tx40i5 (note that x-fy-t-2-1, O^x^l/ 0^ 
y < 1 and 0 ^ z £ 1)> , wherein the above ^m'' is 4, the 
eaccessive content of Bl ±8 In a range of O < Bi < 2.0 
10 (0.5 X 4 (zn) ) mol In tezxos of B±. 
[0069] 

Alternately, when expressing the esccessive content 
of Bi by the mple ratio against Ti (Bi/Ti) with reepect 
to their stoichiometric cosnposltlon, Bi/Tl is in a range 
15 of 1 < Bi/Ti < 1.5, preferably 1,1 :S Bi/Ti < 1.5, more 

preferably 1.2 £ Bi/Tl < 1.5, and particularly preferably 
1.2 S Bi/Ti S 1.4. 
[00701 

In the present embodiment, by making the bismuth 
20 contained excessively with respect to the stoichiometric 
composition, orientation to the [001] direction of the 
bismuth layer compotmd, that is, the c-axis orientation 
is izi^>roved. Namely, the dielectric thin film 8 16 formed, 
so that the c-axls of the biemuth layer coznpound is 
25 oriented vertical with respect to the substrate 4 . 
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[0071] 

In the preoent invention, it is partioularly 
preferable that the a-^xL& orientation degree of the 
bismuth layer confound is 100% , but it does not always 
S have to be 100%, and when preferably 80% or more, more 
preferably 90% or more a2&d furthermore preferably 95% or 
more of the bismuth layer coopound is c-ascis oriented, it 
is sufficient. For exanple, when malcing the bxsntuHh layer 
cc»npowid to be c-axis oriented by using a substrate 4 
10 qoraposed of an amorphous material, such as glass, the o- 
axis orientation degree of the bismuth layer oompound may 
bo preferably 80% or higher. Also, when making the 
bismuth layer oaiiQ>ound to be c-axis oriented by using a 
later eacplained variety of thin film forming methods, the 
16 c-axis orientation degree of the bismuth layer confound 
may be preferably 90% or higher, aiid more preferably 95% 
or higher. 

[0072] 

The G-akXis orientation degree (F) of the bismuth 
20 layer compound here is obtained by F (%) - (P - PO) / <1- 
PO) n 100 . . . (formula 1) when assuming that the c-aads 
diffraction intensity ratio of polycrystal having a 
completely random orientation is PO and an actual c-axis 
diffraction intensity ratio of polycrystal is P. Xn the 
25 formula 1, '^P'' is a ratio of a total EI(001> of 
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reflection Inliensltry 1(001) from a plane (001) and a 
total DX(hkl) of reflection intensity I(hkl) fram 
respective crystal surfaces (hlcl) , that is 
({SKOOD/SKhkl)}, and it is also the same in "^PO"^. Hcte 
S that, in the formula 1/ X-ray diffraction intensity P in 
the case of being oriented by 100% to the c-*axis 
direction is assumed to be 1. Also, from the formula 1, F 
= 0% in the case of completely random orientation (P— PO) , 
and F B 100% in the case of being oriented completely to 
10 the c-axis direction (P^l) . 
[00731 

Mote that the c-axls of the bismuth layer cc^npound 
means the direction of combining a pair of (Bi202)^'^ 
layers, that is the [001] direction. As a result that the 

15 bismuth layer oonipound is c-axis oriented, dielectric 
characteristics of the dielectric thin film 8 is fully 
brought out* Namely, the dielectric thin film 8 has a 
relatively high p>ermittivity, a low loss, excellent 
leakage resistance characteristics, improved breakdovm 

20 voltage, excellent temperature characteristics of 

permittivity and excellent surface smoothness. When the 
tan5' decreases, a loss Q (l/tan5> value increases. 
[0074] 

Note that the dielectric thin film 8 has an 
25 excellent leaJcage characteristics even when not including 
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a rare earth element Re, which will be explained later on, 
but it is possible to furthermore iznprove the leak 
characteriatlcs fay He substitution. 
[0075] 

5 For eacample, in the dielectric thin film 8 not 

including a rare earth element Re, the leakage current 
measured at an electric field strength of 50 kV/cm can be 
preferably 1 x 10"^ A/ am* or lower/ and more preferably 5 
X IC^ A/ cm* or lower, 

10 [0076] 

On the other hand, in the dielectric thin film 8 
including the rare earth element Re, the leakage current 
measured under the same condition can be preferably 5 x 
10"® A/ cm* or lower, and more preferably 1 x lO"^ A/cm^ or 

16 lower * 

[00771 

A thickness of the dielectric thin film 8 is 
preferably 1 to 1000 nm, and more preferably 1 to 500 nm 
in terms of attaining a high capacitance.' 
20 [0078] 

In the dielectric thin film 8, the permittivity at 
25*C (the room tenperature) with a measur^nent frec^uency 
of 100 kHz <AC 20ni\r) is preferably exceeding 100, and 
more preferably 150 ozr higher. 
25 [0079] 
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The dieleo-brlo thin film 8 afl above can be fozmed 
by ualng a variety of thin film forming methods, such as 
a vacuum deposition method, high f regency sputtering 
method/ pulse laser deposition (PLD) method, MOCVD (metal 
5 organic chemlcaLl vapor deposition) method suid sol -gel 
method. 

[0080] 

Xn the present embodiment, the dielectric thin film 
8 can be produced particularly hy the method described 
10 below. 

[0081] 

As shown In FIG, 2, a material solution for forming 
the dielectrlo thin film 8 shown In FIG, 1 Is fabricated 
first, intien the dielectric thin film 8 Is a bismuth layer 

15 confound/ for example, expressed by a stoichiometric 
coEDposltlon of SrBlfTl^Oi^ and being added an excessive 
quantity of bismuth, a toluene solution of 2 -ethyl 
hexanoate Sr, a 2*ethyl hexanoate solution of 2 -ethyl 
hexanoate Bl, and a toluene solution o£ 2-ethyl hexanoate 

20 Ti are prepared. Two of the solutions are mixed, so that 
the Bl adding quantity Is Increased by a mole comparing 
with that in the case of mixing them at the 
stoichiometric ratio, such as 1 mole of 2-ethyl hexanoate 
Sr, (4'hci> moles of 2-ethyl hexanoate Bl and 4 moles of 2- 

25 @^>iy2 hexanoate Tl^ and the result la diluted by toluene. 
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as a result/ a material solution can be obtained. 
[0082] 

Next, the material solution is applied on the lower 
portion electrode 6 shovn in FIG. lA. The coating method 
6 is not particularly limited and the spin-coating method/ 
dip coating method, spray method and a method of painting 
with a brush, etc. may be used. For exan^le/ about 1 to 
300 nm of a coating film can be formed by one-time 
coating. The coating film is dxied in the air to 
10 evaporate a catalyst in the coating film as shown in FIG- 
2 . The drying teznperature is from the room temperature to 
400^C or so. 
[0083] 

Kext, the coating film after drying is 
15 preliminarily fired (not to be crystallized) in an oxygen 
atmosphere. The preliminary firing temperature is 200 to 
700^C or so. 

[0084] 

Next, as shovjn in FIG. 2, the sHeps from coating to 
20 preliminary firing are repeatedly performed on the 

coating film after- preliminary fizzing for one time or 
more. Note that when a thicJcjieos of the coating film 
before firing is too thick, it is liable that a 
preferably crystallized c-axis oriented bismuth layer 
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[0085] 

After that, main firing (also, simply referred to 
as ^firing')^) is performed on the coating film« The main 
firing is performed under a temperature condition of 
crystalli2Eing the coating film, which is preferably 700 
to 900' C« An atxnosphere of the main firing is not 
particularly limited and xnay be an oxygen gas atmosphere. 

[0066] 

Next^ as shown in FIG* 2, the main firing after 
repeating steps fsrom coating to preliminary firing was 
repeated for one or more times, so that a dielectric thin 
film 8 having a final thickness of 1 to 1000 nm or so can 
be obtained* At the time of the main firing, a thickness 
of the coating film before firing at one-time main firing 
is set, so that the film thickness after the one-time 
firing becomes preferably 200 nm or thinner, and more 
preferably 10 to 200 nm. When the thickness of the 
coating film before firing is too thick, it is liable 
that a preferably crystallized c-axis oriented bismuth 
layer compound film is hard to be obtained. While, when 
it is too thin, the main firing has to be repeated for 
many times to obtain a desired thickness of a dielectric 
thin film and it is not econOTiical, 

[0087] 

The thus obtained diAlAOtric thin film 8 is 
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coznpooeci of a bismu^ layer oonipouzidL xncluding an 
eacoesslve quantity blsnnith, and a c-axis thereof is 
oriented to be vertical with respect to the substrate 4. 
The c-axis orientation degree of the bismuth layer 
compound is preferably 80% or higher, more preferably 90% 
or higher and furthermore preferably 95% or higher. 
[0088] 

After that, as shown in FIG. IB, the upp&r 
electrode 10 is formed by the sputtering method, etc, and 
subjected to thermal treatment in p02 — 20 to 100%, The 
thermal treatment is performed preferably at 500 to 900 ""C. 

[0089] 

The dielectzrio thin film 8 as above and a thin film 
capacitor 2 using the same have a relatively higb 
permittivity/ a low loss, excellent leakage resistance 
characteristics, improved breakdown voltage, excellent 
teznperature characteristics of permittivity and excellent 
surface smoothness. 

[0090] 

Also, the dielectric thin film 8 as above and the 
thin film capacitor 2 are also excellent in the frequency 
characteristics and voltage characteristics. 

[0091] 

Second Embodiment 

In the present snibodiment, a thin film nniltilayer 
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oapaoitor/ wherein the dielectric thin film is formed by 
znultllayer, will be esqplalned aa an exaznple of a thin 
film capaclliance element. 

As shown in FXG. 3^ a thin film multilayer 
5 capacitor 20 according to an ezBbodiment of the present 
invention haa a capacitor element 22. The capacitor 
elCTient 22 haa a multilayer structure, wherein a 
plurality of dielectric thin films Ba and internal 
electrode thin films 24 and 26 Eure alternately arranged 

10 on a substrate 4a and a protective layer 30 is formed to 
cover the outermost arranged dielectric thin film 8a« At 
both end portions of the capacitor elem en t 22 are formed 
with a pair of external electrodes 28 and 29, and the 
pair of external electrodes 28 and 29 are electrically 

16 connected to exposed end surfaces of the plurality of 
internal electrode thin films 24 and 26 alternately 
arranged in the capacitor element 22 so as to configure a 
capacitor circuit. A shape of the capacitor el^nent 22 la 
not particularly limited but normally a rectangular 

20 parallelepiped.. Also, a size thereof is not particularly 
limited and, for exaxr^le, a length (0.01 to 10 mm> x 
width (0.01 to 10 mm) x height (0,01 to 1 mm) or so. 
[0092] 

The substrate 4a is formed by the same material as 
26 that of the substrate 4 in the first espJbodisient explained 
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sObove, The dieleotria thin rilm 8a is formed by the 9ame 
material as that Of the dielectric thin film 8 in the 
first embodiment explained above* 
[0093] 

5 The internal electrode thin films 24 and 26 are 

formed by the same material as that of the lower portion 
electrode thin film 6 and the upper portion electrode 
thin film 10 in the first embodiment. A material of the 
external electrodes 28 and 29 is not particularly limited 

ID and composed of CaRuOs/ SrRuOa and other conductive 
oxide; Cu, a Cu alloy. Hi , a Ni alloy or other base 
metal:; Ft, Ag, Pd,r an Ag-Pd alloy and other precious 
metal; etc. A thickness thereof is not particularly 
limited and may be, for example, 10 to 1000 nm or so» A 

15 material of the protective layer 30 is not particularly 
limited and it may be c^nposed of, for example, a silicon 
oxide film and an aluminum oxide film, etc. 
[0094] 

In the thin film multilayer capacitor 20, after 
20 forming a first internal electrode thin film 24 on the 
substrate 4a by using a mask, such as a metal mask, the 
dielectric thin film 8a is formed on the internal 
electrode thin film 24, then, a second internal electrode 
thin film 26 is formed on the dielectric thin film 8a. 
25 After repeating such steps for a plurality of time«, an 
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ou'termosb dielecbrxc tiiln film 8a on the opposite side of 
the substrate 4a is covered with the protective S'ilm 30, 
so that the capacitor elei&ent 22/ wherein a plurality of 
internal electrode thin films 24 and 26 and dielectric 
5 thin films 8a are alternately arranged on the substrate 
4a, is formed. By covering with the protective film 30, 
an effect of moisture in the air on the inside of the 
capacitor element 22 csan be suppressed. Also, when 
forming the external electrodes 28 and 29 on both end 

10 p>ortions of the capacitor element 22 by dipping or 

sputtering, etc., internal electrode thin films 24 as odd 
layers are electrically connected to one of the external 
electrode 28, and internal electrode thin films 26 as 
even layers are electrically connected to the other 

15 external electrode 29, so that the thin film multilayer 
capacitor 20 is obtained, 
[0095] 

In the present embodiment, it is preferable to use 
a substrate 4a composed of an amorphous material in terms 
20 of reducing the production cost. 
[0096] 

The dielectric thin film 8a used in the present 
embodiment exhibits a relatively high permittivity even 
when made to be thin and, moreover, has preferable 
26 surface smoothness, so that the number of stiacked layers 
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may be 20 or laorB, and preferably SO or at^re. Therefore, 
a cosqpact thin film multilayer capacitor 20 capable of 
giving a relatively high capacitance can be provided* 
[0097] 

In the thin film capacitor 2 stnd thin film 
multilayer capacitor 20 according to the present 
embodimfint as explained above, it is preferable that an 
average change rate (Ae> of the permittivity against 
ten^erature in a range of at least -55 to -i-150^C is 
within ±500 ppm/^C (the reference temperature is 25^C> , 
and more preferably within ±300 ppm/^C. 

[0098] 

Next, the present invention will be eacplained 
further in detail by talcing more specific exanqples of the 
embodiment of the present invention, Kote that: the 
present: Invention Is not limited to the examples. 

Exarolc&s 

[0099] 

Example 1 

As shown in FXG« 2, first, a material solution for 
forming the dielectric tbln film 8 shown in FIG. 1 was 
fabricated. In the present embodiment, to comgpose the 
dielectric thin film 8 of a bismuth layer coznpound 
expressed by the oonqposltlon formula of SrBi44^Ti40i$ 
Including an excessive ^aantity of bismuth than that in 
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the bismuth layer cas^^ounci expressed by the 
stoichiometric composition formula of SrBl4Tl40i5 (SBTi) 
and the coapoaltlon fonmila of BI2 Aa-i Bm QsafS/ ii^ereln 
"^m^ is 4, ^As'' is Sr -f- Bi2f and '^64'^ is Ti4/ a solution 
5 described below was prepared. 
[0100] 

Firsts a toluone solution of 2-ethyl hexanoate Sr^ 
a 2-ethyl hexanoato solution of 2-ethyl hexanoate Bl, and 
a toluene solution of 2 -ethyl hexanoate Tl were prepared 
10 as material solutions. Two of the solutions were mixed, 
so that the Bl adding quantity was increased by cc znole 
comparing with that in the case of mixing them at the 
stoichiometric ratio, such as 1 mole of 2-«ethyl hexanoate 
Sr, (44-a) moles of 2 -ethyl hexanoate Bl and 4 moles of 2- 
16 ethyl hexanoate Ti, and the result was diluted by toluene, 
as a result, a material solution was obtained. 

[OlQl] 

Some kinds of material solutions were prepared, 
wherein the ^^a'^ Indicating an excessive content of 61 is 

20 changed to O (excessive Bl is 0 mol%: Bl/Tl - 1), 0.4 (10 
mol%: Bl/Tl ^ 1-1), O.B (20 mol%J Bl/Tl - 1.2), 1.2 (30 
mol%: Bi/Ti = 1.2), 1.6 <40 mol%: Bl/Tl « 1.1) and 2.0 
(50 mol%: Bl/Tl = 1.5). These kinds of material solutions 
were diluted with toluene, so that BrBl^Tl^Oig in the 

25 g^i^j j^y^j^ i^wi^^h y^ conr'^si tion was Included in the material 
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solution at concentration of 0.1 nol/lltter. Each of the 
material solutions was filtrated by a syringe filter 
having an aperture diameter of 0.2 \im made by PTFES in a . 
clean room and put in a glass container cleaned in a 
clean room. 

[0102] 

Also, the substrate 4 fox: producing the dielectric 
thin film 8 was prepared separately from the material 
solutions, The substrate 4 was a silicon single crystal 
(100) substratd, and an insulation layer 5 as a silicon 
oxide film was formed on a surface of the substrate 4 by 
thermal oxidization processing. A thickness of the 
insulation layer 5 was 0.5 iim. On a surf ace of the 
insulation layer 5, a lower portion electrode 6 foxrmed by 
a Pt thin film was formed to be a thickness of 0.1 pm by 
the sputtering method. An area of the substrate 4 was 5 
mm x 10 mm* 

[0103] 

The substrate 4 was prepared by th^ number of the 
kinds of the material solutions, and each of them was set 
to a spin coater. Each of the material solutions ms 
added by 10 \x litter on the surface of the lower portion 
electrode 6 of the si^bstrate 4^ and spin-coated under a 
condition of 4000 rpm and 20 seconds^ so that a coating 
film was formed on the surface of the lower portion 
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electrode 6« To evaporate a catalyst ot ^ach coating film, 
the substrate 4 was placed in a constant chamber (the 
inside is the air) set at 150^C and dried for 10 xoinutes. 
After 10 minutes, the substrate 4 was taken out. and, as 
5 shown in FIG. lA, a part of the coating film fox^ forming 
the dielectric thin film 8 was removed, so that a part of 
the surface of the lower portion electrode 6 is eacposed« 
[0104] 

Next, to perform px-eliminary firing on the coating 
10 film, each substrate 4 was placed in a ring furnace. In 

the ring furnace, oxygen was flowing at 0.3 litter/minute, 
the tempex^atur-e was raised to 400^C at the tenoperature 
rising rate of 10*'X^minute, held at 400''C for 10 minutes, 
then, the temperature was lowered at the tenQ>erature 
16 lowering rate of lO^K/minute. Th& preliminary firing was 
performed under a temperature condition of not 
crystallizing the coating film. 

10105] 

After that, on the preliminarily fired coating film, 
20 steps from the spin-coating to preliminary firing as 
above were repeated again by using the same kind of 
material solution. 
[0106] 

Next, to perform main firing on the preliminarily 

2fi fi^^d film^ each substrate was placed in a ring furoadiei^ 
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In the ring furnace/ o^eygen was f^lowlng at 5 
milliliter/minute, the teRC>erature was raised to 850*C at 
the tmperature rising rate or BO^'K/mlnute/ held at SSO^'C 
for 30 minutes, then, the temperature was lowered at the 
5 temperature lowering rate of BO^K/mlnute, so that a part 
of the dielectric thin film 8 was obtained. A thickness 
of the part of the dielectric thin film 8 after the main 
firing was about 100 nm. 
[0107] 

10 After that^ on the part of the dielectric thin film 

B after the main firing, as shown In FIG. 2, coating, 
drying^ preliminary firing, coating, drying, preliminary 
firing and main firing explained above were performed for 
two times (three times In total) , and a dielectric thin 

15 film 8 having a total film thickness of 300 nm was 
obtained finally. 
[0108] 

When X-ray diffraction (XRD) measurement was made 
on the crystal structure of the dielectric thin film 8 

20 corresponding to each material solution. It was confirmed 
to be oriented In the [001] direction, that Is c-axls 
oriented being vertically with respect to the surface of 
the silicon single crystal substrate 4. Also, a c-axls 
orientation degree F (%) of each of the dielectric thin 

25 films was obtained. The c-axls orientation degree (%) was 
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obtiained from the measured XRD pattern by using the 
liOttgerlng method in a range of 10 to 35 degrees. The 
results are shown in Table 1. 
[0109] 

Next, on a surface of each of the dielectric thin 
films 8^ as shown in FIG. IB^ a Pt upper portion 
electrode 10 having 0,1 nim0 was formed by the sputtering 
method, so that a plurality of kinds of thin film 
capacitor sazc^les were produced. 

[OllO] 

Electric characteristics (a permittivity and 
leakage current) and temperature characteristics of 
permittivity of the obtained capacitor samples were 
evaluated. 

The permittivity (no unit) was calculated for each 
capacitor sample from a capacitance measured under a 
condition at a measurement fre<3uency of 100 kHz (AC 20mV) 
at the room teznperature (25^C) by using -an . ianpesdanoe 
analyzer (HP4194A> , and an electrode siz^ and distance 
between electrodes of the capacitor sample. 

The leakage current characteristics (unit: A/cm^) 
was measured at an electric field intensity of 50 kV/cra. 

[0111] 

The t^nperature characteristics of the permittivity 

was ^b^sinsd b^ measuring a permittivitf of each 
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capacitor sanple under the above condition^ obtaining an 
average change rate (As) of the permittivity against a 
temperature In a range of -55 to -i-150''c when assuming 
that the reference teirperature was 25*^0, and calculating 
6 a tpmperature coefficient (ppm/^'O • 

The results are shown In Table 1. 

[0112] 

Table 1 
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As shovm in Table 1, it wao confizmed tha'b the 
axlB orientation iinprovedr leatege ourr^t beaaroe less, 
and leakage resistant proparty^ becaio^ excellent when ^a'^ 
Indicating the excessive content of Bi was in a range of 
0 < a < 2.0, preferably 0.1 ^ a < 2.0, more preferably, 
0,4 2a<2.O, and particularly preferably 0.4 X.6. 

[0113] 

Al90/ it oonfimed that when expressing the 

excessive content of Bi by the mole ratio against Ti 
(Bi/Ti) , the c-axis orientation ixnproved/ leakage current 
became less/ and leakage resistant property became 
excellent when Bi/Ti was in a range of 1< Bi/Ti<1.5/ 
preferably 1«1 £ Bi/Ti < 1,5, more preferably 1.2 Bi/Ti 
< 1.5, and particularly preferably 1.2 ^ Bi/Ti £ 1.4. 
[0114] 

Also, since the ^a'' corresponds to 0.5 Mm (m^ in 
the exaxnple 1) , it is expected that the c-axis 
orientation in^roves, leakage current becomes less, and 
leaksige resistant property l>ecomes excellent when the 
excessive cont€»it of Bi is in a range of 0 < Bi < O.Sxm 
mol, preferably 0,1 £ Bi < 0.5Km nol, more preferably 0.4 
^ Bi < 0.5^ mol, and particularly preferably 0.4 ^ Bi S 
0.4xm mol in terms of Bi also in other bismuth layer 
compounds. 
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[0115] 

Other than fxxin? Bi/Tx IndicatdLtig th& exoeesive 
(lUemtxty o£ bismuth to 1.2 and changing the holding 
tempeirature at main firing from 650 to 950 ""C, capacitor 
saznples having dielectric thin films 8 were produced in 
the same way as in the example 1, and the . same tests as 
in the eacazKiple 1 were conducted. The results are shown in 
Tal>le 2. 

[0116] 

Table 2 
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As shovm in Table 2, It was conflzmed that the 
axis oz'lentatlon ixiprovod and leakage resistant property 
h«g*naTrHa excellent when the t^nperature at the main firing 
6 was preferably 700 to 900' C, and more preferably 800 to 

goo'^c. 

[0117] 
Exarole 3 

In the present example, f'reciuency characteristics 
10 and voltage characteristics we^re ev;^uated by using the 
thin film capacitor saxqplas produced in the exaznple 1. 
[0116] 

!rhe frequency oharaoteristios were evaluated as 
below. By cdianging a frequency from 1 kHz to 1 HHz at the 
X6 room temperature (25''C) / the capacitance was measured on 
each capacitor saznple, and a result of calculating the 
permittivity was shown in FIG. .4. An impedance analyzer 
(HP4194A) was used for measuring the capacitance. As 
shown in FIG* 4, it was confirmed that the permittivity 
20 value does not change even if the frequency was changed 
to 1 MHz under a specific tCTperature. Namely/ the 
frequency characteristics were confirmed to be excellent* 

[0119] 

The voltage characteristics were evaluated as below. 
26 For each capaisitior sample^- a measurement voltage 
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(applicaU.on voltage) was changed i^ratn O.lV (eleo-trio 
£±eld intensity o£ 5 kV/om) to 5V (electric field 
intensity of 250 kV/cm) under a specific frequency (100 
kHz) , a capacitance under a specific voltage was measured 

(the measureznant t^operature was 25^C) , and a result of 
calculating the permittivity was shown in FIG. 5. An 
Inpedance analyzer (HP4194A> was used for measuring the 
capadtanc0* fithown in FIG. 5, It was confirmed that 
the permittivity value does not change even if the 
measurement voltage was changed to 5V under a specific 
freqruency* Namely, the voltage characteristics were 
confirmed to be excellent. 
[0120] 
Example 4 

Other than changing the r^eatlng time from coating 
to preliminary firing before performing one-time main 
firing, a film thickness before the one-time main firing 
and the times of the main firing to those shown in Table 
3 in the steps shown In FIG. 2, capacitor samples having 
dielectric thin films 8 were produced in the same way as 
in the example 1, and the same tests as those in the 
exaxnple 1 were conducted. The results are shown In Table 
3. 

[0121] 
Table 3 
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As shown in Table 3, It wa9 confirmed that the o- 
axis orientation degree improved as a result of repeating 
the coating, drying and/or preliminary firing so as to 
attain 200 ran or thinner, preferably 10 to 200 nm in the 
film thidcness of the coating film before firing. 

[0122] 

As explained above, according to the present 
invention, it is possible to provide a thin film 
capacitance element composition, high permittivity 
insulation film, thin film capacitance element, thin film 
miultilayer capacitor and a production method of the thin 
film capacitance element/ wherein the c-axis orientation 
degree is high and particularly the leakage current 
resistance characteristic is excellent. Also, in the 
present invention, particularly by forming by a solution 
method, a dielectric thin film of a thin film capacitance 
elanent having a high c-axis orientation • degree and 
excellent leakage current resistance characteristic can 
be easily produced* 



